1. Introduction
Background and Motivation
As a great amount of information is growing and a variety of information systems and resources are becoming more available, people may experience difficulty about knowing where to go and how to find information that they need in a timely fashion. As people are more engaged in multi-tasking in their daily life, the demands for cognitive activities may grow higher. As the demands for cognitive activities in Web searches grow higher, people may express emotional instabilities, increase error rate, or decrease performance.
Information seeking on the Web involves human cognition and perception (Ingwersen 1996) .
The information seeking process is iterative, complex, evolving, and dynamic and is considered a learning process that requires cognitive activities (Bates 1989 A searcher may experience variant aspects of cognitive load or levels of difficulty during information searches influenced by these factors, either alone or in combination. One kind of affective component of cognitive load is associated with the mental demand imposed on the searcher by the search system or the search task. Therefore, assessing the effect of the mental demand experienced by a user during a search process is important for better designing information systems and for identifying where, and possibly how, to lower the mental effort required for effective interaction.
Assessment of mental demands imposed on a user's search tasks is also useful for characterizing user interfaces and tasks with respect to their demands on the user's mental effort.
With that said, understanding the dynamic aspects of cognitive load is also important to the field of library and information science in order to better serve users and develop information systems. However, to date, only a few studies have investigated how cognitive load affects searchers' experiences during the information search process.
Based on the previous research in educational and cognitive psychology, this study assumed that, as a searcher's mental demand increases, his or her ability to perform effectively slowly decreases as it approaches the maximum point of cognitive load. Once searchers reach the maximum point of cognitive load, they may choose to give up on a particular search, present emotional instability, or lose motivation to pursue their original information seeking goal. This study addressed whether or not there is any difference in the categories of a searcher's thoughts, emotions, efforts, and performance induced by mental demand in cognitive load during the information search process between two groups.
The research questions addressed in this analysis are as follows: 1) How do subjects differ in their thoughts between those exposed to mental demand manipulation and those not exposed while performing Web searches?
2) How do subjects differ in their emotions between those exposed to mental demand manipulation and those not exposed while performing Web searches?
3) How do subjects differ in their efforts between those exposed to mental demand manipulation and those not exposed while performing Web searches? 4) How do subjects differ in their performance between those exposed to mental demand manipulation and those not exposed while performing Web searches?
Purpose of the Study
The purpose of this study is to facilitate understanding of the effects of mental demand in cognitive load during Web searches in terms of a searcher's thoughts, emotions, efforts, and performance.
Significance of the Study
The findings of this study are expected to provide information professionals with a better understanding of the interaction between searchers and information systems or user interfaces in regard to the mental demand imposed on a searcher while performing Web searches.
Related Studies
As mentioned earlier, only a few studies have investigated how cognitive load affects searchers' experiences during the information search process. Therefore, these few studies are introduced as follows.
Gwizdka mentioned that assessing cognitive load in Web searches is useful for characterizing search system features, search tasks and task stages with respect to their demands on the searcher's mental effort. In addition, he pointed out that assessing cognitive load is also helpful in examining how individual differences among searchers affect the search process and its outcomes (Gwizdka 2009 ).
Albers stated that as more and more people facilitate websites into their daily routines, it is important to create a mode of interaction that is as easy as possible. However, the lack of understanding with respect to the major impediments to the user within that structure presents a substantial problem to both designers and users (Albers 2006 ). He measured how cognitive load affects website usability and considered three different methods of measuring cognitive load, i.e., Sternberg Memory Task, tapping task, and the NASA TLX. He also pointed out that all three tests work at different granularity levels of their measurements and have different implementation issues.
Gwizdka examined the effects of working memory capacity on a user's search efforts with regard to user behavior during information search tasks at two levels of complexity. The results show that, in more demanding task conditions, both user groups changed behavior, but they differed in how they changed it. He stated that high working memory users performed more actions to find more information, while low working memory users switched their search tactics by significantly decreasing the number of individual documents they visited (Gwizdka 2013 ).
Gwizdka also explored the distribution of cognitive load in Web searches and found that the average cognitive load was found to vary by search task stages, and it was significantly higher during query formulation and user description of a relevant document, as compared to examining search results and viewing individual documents . He assessed cognitive load using Stroop task in which reaction time on the secondary task is differentiated between the primary task stages and the user interfaces. He stated that the higher cognitive load component of the secondary task performance evidenced primary task stages, while the lower cognitive load component evidenced user interfaces ).
Kim and Rieh examined a dual-task method for the assessment of mental effort during online searching, having the users engage in two tasks simultaneously. They found that the results of a dual-task performance do not reveal much difference between the two systems with respect to mental effort or concentration during searches. Rather, searchers invested mental effort differently when viewing search results and reading retrieved documents (Kim and Rieh 2006) . The findings of their study indicated that a dual-task method provides a useful technique for measuring mental effort in online searching, and it has the great potential to be used to measure other aspects of information retrieval, such as task complexity and multitasking information behavior.
Cognitive load has been underestimated in Information Retrieval research regarding its impact on interaction between searchers and information systems but is gradually growing attention in Library and Information Science field. Although limited in previous studies in LIS field's scope and number, previous studies have shown the potential importance of understanding the effect of cognitive load in better assisting information searchers on the Web. 
Methodology

Theoretical Framework
Research Design
The present study uses an experimental design which includes a pre-task survey, experiment, post-task survey, and post-interview in consecutive order. This study mainly used qualitative data to explore the research questions. In experiments, all task performances were recorded when the participants were doing Think-Aloud Protocol (TAP) while they performed the search tasks assigned, and the results were transcribed as verbal data later. The qualitative analysis of verbal data was then quantified into numbers that were associated with the categories of thoughts, emotions, efforts, and performance. All post-interviews were also transcribed and quantified into numbers.
Participants
Since this study was a pilot study and exploratory, we recruited ten students from a university in South Korea whose mean age was 23, ranging from age of 21 to 25 (M=23, SD=1.4), and the gender distribution consisted of 3 males and 7 females. In a discussion of exploratory and pilot studies, Isaac and Michael suggested that "samples with N's between 10 and 30 have many practical advantages" (Miller 1995, 101), including simplicity, easy calculation, and the ability to test hypotheses, yet "overlook weak treatment effects."
Experiment Setting and Procedure
Ten individuals who are enrolled in a university in South Korea were randomly assigned to either an experimental group or a control group for two assigned information search tasks. Half of the participants who were randomly assigned to the experimental group were exposed and then manipulated with mental demand. The other half of the participants assigned to the control group had no manipulation with mental demand.
In the experiment procedure, the participants completed a pre-task survey, two search tasks, a post-task survey, and a post-interview in consecutive order. The pre-task survey collected participants' demographic information and previous experience with the Naver search engine.
Two search tasks were given, and both groups were asked to perform the tasks. These two search tasks were ill-structured and problem solving information search tasks (See Table 2 ).
Information search tasks in experiments were all screen-captured and recorded using Camtasia screen capture software while participants performed tasks and TAP to collect participants' cognitive activities and emotional states. The post-task survey collected participants' cognitive load index score facilitated by the NASA-TLX assessment tool. Six components (i.e., mental demand, physical demand, temporal demand, performance, effort, and frustration) of the National Aeronautical and Space Administration Task Load Index (NASA-TLX) were measured to obtain a subjective self-reported cognitive load score based on a weighted average of ratings as developed by Hart and Staveland (Hart and Staveland 1988) .
The post-interview collected participants' verbal interviews when they reviewed their tasks performance with the observer. This study expected that collected data from the post-interview would reinforce the data from TAP.
Finally, the following four categories shown in Table 2 were identified from the verbal data through two information search tasks in the experiment and the post-interview. These classifications were derived from Kuhlthau's six stags of Information Search Process (Kuhlthau 1991;  2008; Kuhlthau, Heinström and Todd 2008) and are reproduced. Based on Kuhlthau's Model of ISP, the coding scheme of this study was modified and derived by the activities that are found in the appendix. The modified coding scheme is introduced in Table 1 
Increasing Mental Demand
To increase mental demand on the experimental group, a dual-task method was employed.
The dual-task methodology is based on the assumption that the processing capacity of working memory is limited, but can be flexibly allocated (Pass, Renkl and Sweller 2003). A secondary task was added to the search task so that the dual-task demand was imposed on the experimental group in order to increase mental demand. In the dual-tasks, a search task was the primary task, and the secondary task was to memorize an 8-digit number (i.e., a number with 8 different digits such as 324871659) and recall the number following the completion of the search task. 
Findings and Discussion
Based on Chi-square, none of the demographic variables yielded significant differences between the experimental group and the control group. When considering participants' Web searching experience, 8 out of 10 participants rated it as 'average' or 'high' in terms of computer knowledge.
In terms of Web search knowledge, 9 out of 10 participants rated it as 'average' or 'high'. In terms of Web search skill, 8 out of 10 participants rated it as 'average' or 'high'.
In terms of Naver use frequency, 9 out of 10 participants selected 'daily' or 'more than once a day' using the Naver search engine in general. In terms of query reformulation, 9 out of 10 participants rated query reformulation 'about 2 times' or 'more than 3 times' per a search in general. Lastly, in terms of search success, 4 out of 10 participants rated search success 'rarely' and 4 out of 10 participants rated search success 'sometimes', and 2 participants rated search success 'usually' using the Naver search engine in general.
Searcher's Thoughts
Activities that require human cognition and perception were coded into the sub-category of a searcher's thoughts, such as thinking, remembering, relevance judgment, disturbance, searching, and retrieval. For the search task 1, it is shown that the sub-category of thinking, remembering, relevance judgment, and disturbance in between two groups needs careful attention for further study. When considering searchers' thoughts category in search task 1, both Table 3 and Figure 1 illustrate that the score for thinking in participants' verbal expression was higher for the experimental group (M=3.17, SD=1.7) than that of the control group (M=1.86, SD=1.1). Similarly, the score for remembering in participants' verbal expression was higher for the experimental group (M=5.67, SD=2.8) than that of the control group (M=1.4, SD=0.9). The score for relevance judgment in participants' verbal expression in search task 1 was higher for the experimental group (M=9.22, SD=9.6) that that of the control group (M=6.8, SD=3.9). In the disturbance sub-category, the number of verbal expression occurrences of participants for the experimental group (M=3.4, SD=1.8) was higher than that of the control group (M=2.5, SD=1.3). We can see that the participants in the experimental group were more likely to do more thinking, remembering, and relevance judgment and get more disturbed than those in the control group. However, the scores in the retrieval sub-category in search task 1 were almost the same for the two groups (M=2.67 vs. M=2.5).
This result could tell us that searchers with more mental demand might have difficulty with respect to relevance judgment, but they need to expend greater efforts on thinking, remembering, and searching in order to find relevant information.
Similarly as in search task 1 above, for searchers' thoughts in search task 2 we can see in Table   4 and Figure 2 that participants in the experimental group were more likely to do more thinking, remembering, relevance judgment, searching and get more disturbed than those in the control group during the information search process.
<Figure 1> Mean Difference in Thoughts in Task 1 <Figure 2> Mean Difference in Thoughts in Task 2
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With regard to a searcher's thoughts, the searchers in the experimental group seemed more affected and induced by mental demand. In particular, they seemed to experience the remembering/recall task more often, searching for information more often, and browsing for information more often than searchers in the control group.
Searcher's Emotions
In psychology and philosophy, emotion is a subjective, conscious experience characterized primarily by psychophysiological expressions, biological reactions, and mental states. According to Scherer, five elements of emotion exist, including cognitive appraisal, bodily symptoms, action tendencies, expression, and feelings (Scherer 2005 When considering the searchers' emotions category in search task 1, we can see that confidence was higher for the experimental group (M=3.00, SD=2.0) than that of the control group (M=1.8, Table 5 and Figure 3 . In contrast, in search task 2, as shown in Table 6 and Figure 4 , confidence was lower for the experimental group (M=1.17, SD=0.4) than that of the control group (M=3.14, SD=1.6). This result might show us that there is inconsistency regarding the number of verbal occurrences between the two groups with regard to the tasks, depending upon the participants' mood or will to think aloud during the information search process and performance of the search tasks. Alternatively, the differences could be caused by some other factor that has not yet been recognized.
SD=1.3) as shown in
Similarly, the scores for confusion in participants' verbal expression in search task 1 was higher for the experimental group (M=5.25, SD=6.71) than that of the control group (M=1.5, SD=1.51).
However, the score for confusion in participants' verbal expression in search task 2 was lower for the experimental group (M=2.3, SD=1.77) than that of the control group (M=3.6, SD=3.44).
The level of frustration in the participants' verbal expression in search task 1 and search task 2 was higher for the experimental group (M=3.00, SD=2.16 in search task 1 and M=5.33, SD=3.8 in search task 2) that that for the control group (M=1.6, SD=0.9 in search task 1 and M=4.00, SD=6.5 in search task 2), respectively. This result could tell us that searchers with more induced mental demand might get frustrated more often or easily than searchers without such mental demand.
Interestingly, the score in the stress sub-category for the control group was higher than that of the experimental group. This sub-category should be considered with care for future studies with more participants. The overall results show that searchers' emotions were likely to be different between the two groups in the sub-categories of stress, frustration and confusion. All of these categories should be examined with care in future studies. With respect to the searcher's emotions, searchers in both groups tended to show verbal expressions of frustration with consistency while they performed the search tasks for this study. However, there was inconsistency in the rankings among the tasks regarding the number of occurrences in these sub-categories. Therefore, we might need to reconsider two dimensional analyses, such as positive vs. negative expressions in these four sub-categories mentioned above.
Searcher's Efforts
In this study, activities that use a series of actions requiring physical or mental energy to do something are considered to be efforts expended, such as time spent, query, pages visit, focus, and work hard. The results show that searchers' efforts were likely to be different or to be considered with attention between the two groups in the sub-categories of time spent, query, pages visited, and work hard. With respect to the searcher's efforts, in the time spent and work hard sub-categories in both tasks, it is likely that searchers in the experimental group (M=3.00, SD=1.7 in search task 1 and M=3.00, SD=1.7 in search task 2) tended to spend more time and make more efforts than those in the control group (M=1.6, SD=0.9 in search task 1 and M=1.8, SD=0.8 in search task
2) as shown in Table 7 and 8. This result may indicate that searchers in both groups might take more time to find more relevant information and work hard to make more effort toward accomplishing the task.
In the query sub-category in both tasks, it is likely that searchers for the experimental group tended to make fewer queries than those in the control group. In the focus sub-category, it is shown that there is inconsistency between tasks. 
Searcher's Performance
Performance is defined as the action or process of carrying out an action or the accomplishments of an action, task, or function in a given task measured. The performance results in this study
show that the searcher's performance was likely to be different or to be considered with attention in the sub-category of performance and satisfaction between the two groups. With respect to the performance assessment sub-category in both tasks, the participants' verbal expressions occurred almost equally in the experimental group (M=4.56, SD=2.5 in task 1 and M=4, SD=2.6 in task 2) and the control group (M=4.2, SD=2.7 in task 1 and M=4.78, SD=2.1 in task 2) as shown in Table 9 and 10. This result may indicate that searchers in both groups might have to check to see if they were on the right track of finding relevant information during the search process.
<Figure 7> Mean Difference in Performance in Task 1 <Figure 8> Mean Difference in Performance in Task 2 With regard to the searcher's performance, searchers in both groups tended to show verbal expressions about satisfaction almost at the end of experiments, so there were a low number of occurrences representing performance category verbal expressions.
Finally, NASA-TLX does not show a significant difference between two groups in terms of each component and the total score of cognitive load.
Conclusion and Implications
The results of this study seem to show that a higher mental demand imposed on a searcher can interfere with the end users' search experience in four categories: thoughts, emotions, efforts, and performance. With respect to the searcher's thoughts, relevance judgment was found to be hindered by mental demand. With regard to the searcher's emotions, the experimental group was more frustrated than the control group. With respect to the searcher's efforts, searchers in the experimental group were more likely to spend more time, make fewer queries, and visit fewer pages but work harder to find more relevant information that they needed. Lastly, with regard to the searcher's performance, it is likely that performance was highly dependent upon the completion of the search tasks for both groups. The NASA-TLX cognitive load scores of searchers did not exhibit a significant difference since the study had too few subjects. The overall findings of the study indicate that the use of a dual-task methodology is a promising approach for the assessment of cognitive load induced by complex Web searches.
Given the current nature of the web, higher precision and lower recall is desirable because one can become overwhelmed with millions of hits to assess for relevance. As the Web continues to evolve, the structure of Web contents becomes more complex. However, the lack of understanding of the major impediments to the user within that structure may become a substantial problem to both system developers and users. Therefore, it is certainly important to understand how the mental demand of searchers works during the information search process in order to improve the interaction between the systems and the users. In keeping with this need, information system designers and developers should explore the user's mental demand in order to determine what factors to focus on with the aim of improving the interaction between searchers and systems. One can hope that, in the end, system designers and developers can reduce the mental demand on searchers but take advantage of the results of the effect of mental demand and work to redesign the problem areas in a supportive manner.
Limitation of the Study
Since this study is a pilot and exploratory study, our concern in data analysis does not lie in discovering the significance between the two groups and the number of participants; rather, it is important for us to see the trends or likelihood in differences, if any, in between the two groups. The variances between the two groups should be further examined in additional studies.
Future research is also needed to explore the correlation between categories.
When using TAP in a study, there are both strengths and weaknesses. The strength of TAP is that it is the closest possible way to draw out the cognitive processes of the participants.
However, this strength appears to be one of the most serious weaknesses, as well, in that only conscious processes are available for verbalization. That said, much of what is going on in the participants' mind remains hidden. Thinking also needs to be slowed down to allow for the additional time that is required for verbalizing thoughts, a reality that may add to the incompleteness of the reports. Therefore, researchers should be aware of this weakness of verbal reports and take it into consideration when designing experiments and analyzing data (Ericsson and Simon 1993).
